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Abstract: To provide information on the phylogenic relationship between maize and its wild
relatives, fine structures of dimorphic chloroplasts in those plant leaves were observed by elec-
tron microscopy. Examined plants were a cultivated maize, two kinds of annual teosinte, Zea
Juxurians (Ames 21876 and PI1441931), two kinds of perennial teosinte, Zea diploperennis and
Zea perennis, a tripsacum, Tripsacum dactyloides, and Job’s tears, Coix lacryma-jobi. Bundle
sheath chloroplasts of all plants were agranal, although the rudimentary grana piled up with
a few thylakoids were frequently found in cultivated maize and annual teosinte, Z. /axurians.
They always contained a large number of starch grains. Cell walls of bundle sheath cells were
well constructed with a suberized lamella in all plants, and thickness of cell walls was the
largest in tripsacum. In mesophyll chloroplasts of all plants examined, no difference was found
in the internal membrane system. However, the starch content of mesophyll chloroplasts was
conspicuously different among the plants examined. In cultivated maize and annual teosinte,
mesophyll chloroplasts had uncommonly a few small starch grains, whereas those of perennial
teosinte, Z. perennis, and tripsacum contained relatively numerous large starch grains. These
results indicate that the starch content of mesophyll chloroplasts is a valid index to estimate
the phylogenic relationships among maize and its wild relatives, and that annual teosinte is
closely related to cultivated maize. Structural features of dimorphic chloroplasts of Job’s tears
closely resemble those of tripsacum, suggesting a phylogenic relationship.
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Fig.1. Plants examined by electron microscopy. A. Cultivated maize. B. Tripsacum grown in experimental field of Kana-

gawa University. C. Annual teosinte Zea luxurians (Ames21876) grown from the seed in a greenhouse. D. Job's tears Coix

lacryma-jobi grown wild.
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Fig.2. Dimorphic chloroplasts in the green leaves of maize. A. Chloroplasts of mesophyll cells, containing well developed
grana and no starch grain. B. Chloroplasts of bundle sheath cells, showing agranal structures and a numerous number of

large starch grains. Scale bars, 1 um.
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Fig.3. Dimorphic chloroplasts in the green leaves of various teosintes. A and B. Chloroplasts of mesophyll cells (A) and
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bundle sheath cells (B) in an annual teosinte Z. luxurians (Ames21876). C and D. Chloroplasts of mesophyll cells (C) and
bundle sheath cells (D) in a perennial diploid teosinte Z. diploperennis. E and F. Chloroplasts of mesophyll cells (E) and
bundle sheath cells (F) in a perennial tetraploid teosinte Z. perennis. Note starch grains found in mesophyll cell chloro-

plasts. Scale bars, 1 pm.
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Fig.4. Dimorphic chloroplasts in the green leaves of tripsacum. A. Chloroplasts of mesophyll cells, containing well de-
veloped grana and a numerous number of relatively large starch grains. B. Chloroplasts of bundle sheath cells, showing
agranal structures and a numerous number of large starch grains. Scale bars, 1um.

Fig.5. Mesophyll cells of tripsacum leaves, showing all
chloroplasts contain a numerous number of relatively
large starch grains. Scale bar, 1 pm.

EFIRNITIIN R O RE T T RN G
TBY ., ZOF 0 7RI BT A M s T Bt
NADP-ME #ILIA4 0> Cy Al 1V R0diBIRY 72 Cs i D

"N'— s P Z = e i - . "‘“‘
s ¥ &, he =\

FERMIRINIZ R SN D BERIERIZEL T\ e, Ty
EHFHIXRERECBEINZ N T AD4
BERMIROEERRIAR 106 EIHF, 7 > 7 R E E4 TV
~HDiE 86, BLZ811%ThHV, FvER=
VRFELEDT AT MY b EHEE CERRICT
VRN EGEND T ENIRIB I NI, VA
L. BRCiE, ERMENICE 058 TOERIKIC
LHDORE T 7RG ER TV (Figh),
U 7Y T N EBbND Y 2 XX~ Dk
EIZHEEND RMERKOMMBE 2B LT
(Fig.6A, B), #eE B ML OEERIRIL Y 7 F &2 KW
TNERZRED, Z2HORE 2T V7 ki % P,
BEINTMOTXTOMBOZIE LSBTV
(Fig.6A), HEWMILD 7 T F & FFo8ERAKIT, b
7Y 7 LOTERMIRIERIA L K EITBY ZHDKR
ST TR EE AT (Fig6B), v 7 &
HFRHUHGEE TBE SNV 2 XX v DLHER
HIRZESKIAR 77 fh, o 7 RN EEN TV H D

Fig.6. Dimorphic chloroplasts in the green leaves of Job's tears. A. Chloroplasts of mesophyll cells, containing well de-
veloped grana and a numerous number of relatively large starch grains. B. Chloroplasts of bundle sheath cells, showing
agranal structures and a numerous number of large starch grains. Scale bars, 1 pm.
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Volume ratios of starch (%)
in mesophyll cell chloroplasts
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Fig.7. Fractional volume (%) of starch grains to the whole
mesophyll chloroplast, from the digital image analysis of
electron micrographs. Zm: Z. mays, 71 : Z. luxurians, Zp :
Z. perennis, 7Zd: Z. diploperennis, Tr: T. dactyloides, Co : C.
lacryma-job.
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